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To characterize changes in left ventricular morphology and
function associated with renal transplantation, noninvasive
cardiac evaluations were performed in 41 adults at the time
of surgery and at follow-up . At the time of transplantation,
36 patients had undergone hemodialysis through a fistula
for 2.3 t 2.5 years (mean t SD) ; their homatocrit level was
26 m 6% and systolic blood pressure was 151 ± 19 mm Hg .
Perioperatively, left ventricular hypertrophy was present in
93% of patients by echocardiography,
but in only 37% by
electrocardiography . Abnormal left ventricular diastolic
function was present in 57% of patients and indicated a
high risk for perioperatb a pulmonary edema.
At fra9mo !'p (1 .5 ± .` 9 years), mean la-nalocrit level
increased to 39 2 7%, systolic blood pressure decreased to
Renal transplantation and long-term dialysis are the two
major forms of treatment for end-stage renal failure . Where-
as cardiovascular disease is the leading cause of death in
patients on long-term dialysis (1-5), studies suggest that
cardiac mortality decreases after renal transplantation (6,7) .
This trend may be partly due to a modification of risk factors
for coronary disease, such as hyperlipidemia and hyperten-
sion (9-I1) . Our clinical impression has been that left ven-
tricular hypertrophy, another risk factor for cardiovascular
morbidity and mortality (12-15) . partially regresses after
renal transplantation
.
To characterize and quantitate
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132 ± 14 mm Hg and spontaneous closure of the 5stota
occurred in 13 patients . Left ventricular mass by ectanar-
diography decreased from 237 x 66 to 182 z 47 g (p <
.
0.001), a decrease of 23%, Left ventricular volumes and
cardiac index also decreased signifcant:y, reflecting the
rapid resolution of a pretransplant high output state.
Despite proportionate regression of left ventricular hyper-
trophy within months of transplantation, diastolre function
did not improve
. The significant regression of left centric
.
ular hypertrophy that occurs after renal transplantation
may help explain the improved cardiovascular survival
of
patients with a renal transplant over that of patients on
long-term dialysis .
(J Am Coll Cmrdia11988 ;12e815-23)
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changes in left ventricular morphology and function, we
performed noninvasive cardiac evaluations before and after
renal transplantation .
Methods
Patient selection
. The University of California, San Fran-
cisco has performed the largest series of renal transplanta-
lions in the world, with almost 3,080) procedures between
1964 and 1986. From July 1982 to November 1986, 949
transplantations in adults (aged >15 years) were done. With
use of a computerized data base of these patients . initial
exclusions were made for 83 patients (9 .8Jo1 who underwent
a second transplantation, 127 patients 115%) who rejected
and lost their transplant and 68 deaths (8%). Of the remain-
ing 571 patients, 77 had been evaluated by echocardiography
during the perilransplanmtion
period and were asked to
return for a second evaluation . Of these patients, 47 re-
turned . 5 were excluded because of myocardial infarction
and I was excluded for a technically inadequate
echocardio-
gram, leaving a total of 41 patients
.
Of file 41 final patients
. 34 had an echocardiogram < I I
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days before transplantation and 7 had one <4 days after
surgery
. Referring physicians ordered these 41 echocardio-
grams for the following reasons : preoperative evaluation of
wall motion and ejection fraction, symptoms or signs of
congesti"e heart failure, cardiac murmur, abnormal chest
radiograph or electrocardiogram and suspicion of pericardial
effusion .
Clinical Features
Hospital and transplant clinic charts were reviewed for
the following:
Demographic and clinical data . These included age
. gen-
der, race, height, weight, underlying renal disease and type
of renal transplant (living-related or cadaver) . Coronary
artery disease was defined as a history of coronary artery
bypass surgery or typical angina : patients with myocardial
infarction by history or echocardiogram were excluded .
Hematocrit values on the day of admission to the hospital for
renal transplantation and on the day of the follow-up echo-
cardiogram were recorded. Fistula potency was assessed by
the presence of a thrill or bruit.
Blood pressure. Blood pressure was analyzed in the
preoperative period and in the follow-up period beginning
after discharge from the hospital . All values from hospital
vital sign sheets and clinic records were recorded . Blood
pressure was not analyzed in the postoperative in-hospital
period because of [ability associated with infection, hyper-
glycemia. operative blood loss and initiation of high dose
immunosuppressive therapy . Antihypertensive and immuno-
suppressive regimens (glucocorticoids and cyclosporine
only) were noted
.
Operative complications. Postoperative care followed a
standard regimen including vigorous parenteral hydration
and high dose immunosuppressive therapy. Perioperative
myocardial infarction (by standard clinical, electrocardio-
graphic (ECG) and serum enzyme criteria) and episodes of
cardiogenic pulmonary edema were recorded . Cardiogenic
and noncardiogenic pulmonary edema were distinguished by
clinical and hemodynamic evaluation, left ventricular func-
tion on echocardiography and response to therapy . Patients
who had perioperative and postoperative myocardial infarc-
tion were excluded from further analysis .
Transplant rejection. Blood area nitrogen, creatinine
.
and graft perfusion by iodine-131 Hippuran dynamic renal
scintigrams were routinely checked postoperatively for evi-
dence of rejection, Suspicion of rejection was usually con-
firmed by graft biopsy . Patients with rejection leading to
permanent graft failure were excluded from the study .
Electrocardiography. A standard 12 lead ECG was ob-
tained before surgery and at the time of the follow-up
evaluation
. Voltage was determined as the sum of the S
wave in lead V, and the R wave in lead V, or V,, (whichever
was larger) . The ECG was also scored by the Romhill-Ester
IACC Voi. 1 2 , No . I
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point system for left ventricular hypertrophy (16) before
cchocardiographic measurements were performed .
Echorardiogrrtplzy
Technique . Quantitative M-mode, two-dimensional and
Doppler echocardiograms were performed on an Irex Me-
ridian before and after transplantation. Initial studies were
performed by several technicians and follow-up studies by
one technician. Technicians obtained standard views and
followed laboratory protocol, which included positioning the
patient in the 90° left lateral decubitus position, maximizing
left ventricular chamber size and suspending respiration
before recording (17).
Measurements and tracing . Echocardiographic measure-
ments were made on a Franklin 2000 computer-guided light
pen digitizing system. End-diastolic volume was traced on
video frames at the peak of the R wave of the ECG or just
after mitral valve closure
; end-systolic volume was traced at
the frame immediately preceding mitral valve opening . In-
voluntary bias was minimized by measurement in a random
order by both physicians . that is. pre- and post-transplant
studies on the same subject were analyzed out of chrono-
logic order and interposed with studies on other subjects .
Measurements of all variables before and after renal trans-
plantation were averaged for the two physicians .
Morphology. Left ventricular mass was calculated using
a truncated ellipsoid formula (18). By subtracting left ven-
tricular short axis endocardial area from epicardial area,
average diastolic wall thickness and average endocardial
radius at the level of the tips of the papillary muscles were
computed (18). Papillary muscles were considered part of
the left ventricular chamber and were excluded from the
endocardial area determined by planimeLry . On the basis of
previous work in a normal population (19), left ventricular
hypertrophy was defined as a left ventricular mass index
> 100 gem'-.
Left rentricldor volumes and ejection fraction were mea-
sured using a modification of Simpson's rule (20,21) . End-
systolic and end-diastolic endocardial areas were traced in
the apical two and four chamber views to generate end .
diastolic volume, stroke volume and ejection fraction . Left
ventricular systolic and diastolic lengths were measured in
the apical four chamber view from the midpoint of the
atrioventricular groove to the apex
. Heart rate was deter-
mined at the end of each study from the ECG tracing on the
screen . Cardiac output was computed as the product of left
ventricular stroke volume and heart rate,
Diastolic function. Abnormal left ventricular diastolic
function was considered to be present when either both of
the following M-mode criteria (a and b) or the one Doppler
criterion (c) was fulfilled : a) Left alrial emptying index
(22,23) <0 .75, based on the M-mode echocardiographic
motion of the posterior aortic root . The normal value is 1
.03
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Table I. Cnmpari .oon of Demographic red Clinical Variable,
Between the
41 Study Patients and the Overall Populaliun of
Renal Transplant Recipients
Study Parrem .
	
IN gall rumopl:ml P"POLI m
'Exchtdes patients with
graft
fedora . No mignill . :ml differe nce, arc naiad .
Vale, are mean _ SD. CAD = coronary an- J-,- Crealmine pn,l =
serum cmutinine after renal transplantation : DBP = diastolic bhenl pr-me:
peep - before renal transplanenion : SHP = sr,luli, blond pre,wre.
0 .18 (23)
. h) Diastolic left ventricular posterior wall
motion by M-mode echocardiography I'_4) meeting two of
the following three criteria: If duration of diastolic left
ventricular rapid-filling >17% of cardiac cycle length
(normal 13 t 4%)
; 2) duration of slow filling <32% of cycle
length (normal 39 ° 7%) : or 3) duration of atrial systole
>22% of cycle length (normal 18 ± 4%) . c) Doppler mitral
inflow showing a ratio of peak A wave flow (late filling) to
peak E wave flow (early filling) exceeding unity (25 26) . The
normal ratio is 0.6 ± 0 .2 (26).
Statistical analysis. Data were evaluated by chi-square
analysis, linear regression analysis and analysis of variance .
Upper limits of normal for left ventricular mass, mass index
and end-diastolic volume determined in this laboratory have
previously been computed and reported as the 90% upper
confidence bounds for the 95th percentile (19,27) . To deter-
mine introtrnrer
variability
for planimetric measurements
.
one observer traced the first 20 studies twice and calculated
the mean percent difference in measurements . Informer
variability was calculated as the mean percent difference in
measurements between the two tracers for all studies .
Results
Patient characteristics (Table 1). Baseline anal follow-up
cardiac evaluations were performed on 41 patients, who
comprised 5% of the 849 adults undergoing renal trtmsplan-
ration at this institution over a 5 .4 year period . Of the 41
patients, 23 were male and the mean age wits 40 ± 13 years
(mean'- SD) (range 16 to 61). The etiology of end-stage renal
disease by numbers of patients was as follows : glomerulo-
nrmC, .slANP:r,,1 . '117
IIP 1111 111- li-Al I nAIII'l IN : ArION
nephriti,
. II'. diabetes mellitus . I(1: obstruction with or
without chronic pyelonephrilis .7
: unknown, 4
: hypertensive
nephrosclerosis, 3 . systemic lupus erythematosus, '_
fabry's disease . I : polycystic disease . I : scleroderma- I~,
and Wee-C, I .
Shun durutiwt r ff Ilnn-up it, 1 .5 - 1 .3 years mange I
month to 5 .5 years) . Repeat evaluations were performed I to
6 months after surgery in 13 patients and >6 months after
surgery in 211 patients . At the time of follow-up . average
scrum creatinine was 1
.7
.
0.8 mgldl (130 a 0 pemo69iterl :
19 patients (4(%) experienced at least one successfully
treated episode of rejection. Mean body weight increased
from 61 I I kg preoperatively to 66
.
11 kg at follow-up Ip
nA5) .
Bcforc transplantation . 36 of the dl patients had under-
gone hemodialysis for 2 .3 a 7 .5 years (4 had had peritoneal
dialysis as well). and the other 5 did not require dialysis . At
the time of surgery . 36 patients had a patent artcriovenous
hemodialysis fistula, whereas only 23 had a patent shunt at
follow-up Ip < 0.05) . The remaining 13 patients spontane-
ously lost fistula function during the follow-up period . Of the
41 patients . 21 received a cadaver graft and 211 a living-
rclated graft .
Mean prroperatirr ltenmiorril was 26
` 6", and in-
cicoerd to 39 * 7% at follow-up (p < 0 .001). Many patients
had received donor-specific transfusions in the weeks helorc
transplantation so that the preoperative hematocrit in these
patients may have exceeded their baseline hematocrit. Cor-
onary artery disease without myocardial infarction was
known to he present in six patients preoperalively Ion the
basis of coronary artery bypass surgery in three and stable
cxertional angina in three).
Blood pressure (Table 2) . Based on I I 0 7 blood pressure
determinations per patient (range 3 to 32) . mean preopera-
live systolic blood pressure was 151 ± 19 mm Hg and
diastolic blood pressure 88 '- Ill mm Hg . Based on 25 -- 2?
determinations per patient (range 4 to 147) . mean follow-up
systolic blood pressure was 132 a 14 mm Hg and diastolic
blood pressure 78 ± 8 mm Hg (both p < 0.001 versus
preoperative values). Blood pressure usually began to de-
crease by the end of the in-hospital period .
Preoperatively . 26 patients were treated with 1
.1 ^ 1 .2
antihypertensive medications per patient and at follow-up
1 .2 a 1 .2 drugs (p - NS) . Patients were treated with a
variety of medications, including diuretics, beta-adrenergic
inhibitors, calcium channel blockers . vasodlators and angi-
otensin-converting enzyme inhibitors
. Preoperatively . five
patients were taking a calcium channel blacker and 11 a
beta-blocker: at follow-up. 4 and 16 patients were taking
these medications, respectively, At follow-up. 40 patients
were taking a glucocorticoid (prednisone 19 * I I
mg/day)
and 18 cyclosporine (330 *- 160 mglday)
.
Electrocardiography, Mean ECG voltage decreased
slightly from the preoperative period 135 1- 14 mV) to the
Number ofpotlenls 11 849
Moan ageryr,) 41) e 11
t .
12
Gender (14 male) 6n
Renal disenae r61
Glomendanephritis
Diabetes mollims 24
Other 49
Years or heamdialysl, 2 .1 - 2.4 I I . '_ .I
Patients with rejection 46 56
Ih)
Crealinine pool Imgtdll 1 .7
-
n8
1 . 7
- Ilb'
H-Wel,ritpreop("1) 26'6
27'6
SHP prcnp
Iran Hg) 151 - 19 148 e 24
DBP preopImmHer 88 la
119
11
Known CAD 1,1) 15 19
918
HIMELMAN FT AL .
	
IACC
Vol. 12 . No . 4
NEAR r A(?ER RENAL TRANSPLAN'I'A
I' ION OoO,hcr 1988 :911-21
Table 2. Changes in Cardiovascular Variables After Renal Transplanlntinn in 41 Patients
-p 10 .0 versus before renal tru'oplanlalion:'p < 0.1)5 versus pose-Irnnsplam <6 month, a0er surgery . AWT
.rage diasmlie wall thickness ; C ; = cardiac index : CD= cardiac output : ECG =electrocardiographic : EDV =
end-diaslolic volume: EF = eiemior% fraction
: HR = heart rate
: LVM = left ventricular mass; LVMI = Ieb
ventricular mass index: R = endncarlial radius : SV = suoke volume: olher abbreviations a, in Table I .
follow-up
period
(31 ± 14 mV, p = NS) : voltage decreased in
28 patients and increased in 13. Preoperative correlation
with left ventricular mass by echocardiography was fair (r =
0 .421.
Romhilt-Fstes scores also decreased insignificantly,
from 3 .5 ± 3
.1 to 2 .9 *_
2.7 . By
Romhit-Esles criteria,
definite left ventricular hypertrophy was present in 15 pa-
tients (37%) preoperatively and in 12 patients (29%) postop-
eratively In = NS) .
Echocardiography (Table 2)
Lift ventrIcular mass . Mean perioperativelefil ventricular
mass was
237 ± 66 g and regressed to 182 ± 47 g at
follow-up
; mean left ventricular mass index decreased from
141 ± 35 to 103 ± 28 gim 2 (both p < 0.001). There was a 23%
decrease in left ventricular mass and a 27% decrease in mass
index . In this laboratory. upper limits
of normal for left
ventricular mass and mass index arc 183 and 94 g/m 2 in men
and 141 and 89 g/m 2 in women, respectively (19).
Of the
41
patients . 37 showed a decrease in left ventricular mass index
after surgery (Fig. 1). Preoperatively, 38 patients (93%) had
left ventricular hypertrophy by virtue
of a tell ventricular
mass index >100 g/m 2 ; postoperatively, this number had
decreased by one-half. Patients reevaluated within 6 months
of
surgery had decreases in left ventricular mass and mass
index equivalent to those
of patients reevaluated >6 months
after surgery
.
Wall thickness and ejection fraction . Average diastolic
left ventricular wall thickness decreased from 1 .5 ± 0 .2 to
1 .3 ± 0 .2 cm and systolic wall thickness decreased from 1 .7
Figure I . Left ventricular mass index ILVMI( and cardiac index
(CI) before and after renal transplantation in 41 patients, arranged
by increasing duration
of follow-up after surgery. Nearly all patients
showed decrease in left ventricular mass index and cardiac index
from the preoperative period (black dolsl to the follow-up period
(open dots). The vertical dotted lisce are at 6 months of follow-up.
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Palem fistula
36 8 I5' 23'(aom)
Hemulncril 17)
26 x 6 43 a 7' 37 x 7't 39 a 7'
SnPImmlift
151'19 132!14' 131*-14' 13 :'14'
TOPImmHg) 88= 10 74`7' 80x8' 78x8'
ECG voltage ImVI 35 c 14 33 x 1I 30 0 15 31 x 14
Ramhill-Eclcs c,ileria 35 = 3.1 3.2
.
2 .5 2.8 x 2.91 2.9 x 2 .7
LVM
(g)
237 c 66 185 ± 44' 181) x 49' 182 9 47'
LVMI (41m=) 141 x 35 103'- 20' 104 x 27' 1119 x 28'
AWT(cml 1 .5>O 2 12_0 .2' 13*_11 .2' 1 .3'0._'
EDV (al) 110 0 37 RD ± 25' 82 9 30' 82 x 28'
SV (ml) 68 x 27 5n ± 14' 51 * 17' 51 x I6'
EF(%) 63x9 66x12 65±7
6509
RICm) 2.5 ;0.4 2.4x0 .5 2 .3
2 .3x0.4
AWTIR 0.61 ! . 11.13 0 .54 x 0.15 0.56 ± 0
.10
11.55 *- 0.11'
EDVILVM Wig) a.4n !LI I
0 .41 x 0
.20 (1 .48' 0.17 0
.47 ± 0.14
HR lbealslminl
64 ± '6
92
9
15 72 ± IS'
75 *_ 18
CO niters1m4r0 5.6 s 2 1 4.0 x 1 .0'
3
.6 - 1 .3' 3 .7 x 11"
Cl Ililer0min per In) 3.3 t 12 2.3
-
0.6' 2 .1 ± 0.7' 2.2 ± 0 .7-
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± 0 .3 to 1 .5
.
0 .3 cm (both p< 0 .01). In this laboratory, the
upper limit of normal for average wall thickness is 12 cm
.
Mean ejection fraction did not change significantly (65 - 9 to
63 ± 9%, p = NS) : in five patients . preoperative ejection
fraction was <50% .
Left ventricular volumes . These also decreased after
transplantation . Left ventricular end-diastolic volume de-
creased from 110 - 37 to 82
-_
28 not (p < 0 .001) and stroke
volume decreased from 68 t 27 to 51 r 16 ml Ip < 11.0011 .
Upper limits of normal for left ventricular end diastolic
volume in adults is 170 ml in men and 101 in women (27).'Ihe
systemic arteriovenous hemodialysis fistula had an impor-
tant effect on left ventricular size . At follow-up, the 23
patients with a patent fistula had a significantly higher mean
left ventricular end-diastolic volume (91
31 versus 68
t
17
m0
. stroke volume (56 ± 18 versus 43 -
9 ml) and cardiac
output (4 .1 ± 1 .3 versus 3
.3 t 0
.7 literslmin, all p < 0 .1)5)
than did the other 18 patients
.
The mean pretransplant heart rate of 84 ± l5 beatslmin
slowed to 75 ± 18 after transplantation (p < 0 .01), cardiac
output decreased from 5
.6 ± 2
.1 to 3 .7 12literslmin Ip <
0 .001) and cardiac index from 3 .3 L2 to 2 .2 ± 0 .7
liters/min per min'-
(p < 0
.001) . Systolic and diastolic endo-
cardial radii did not change significantly . Ratio of average
diastolic wall thickness to endocardial radius decreased from
0.61 ± 0 .13 to 0 .55
.
0.11 (p < 0.05) . Both before and after
transplantation, this ratio is higher than that reported (28-30)
for normal adults (0.37 ± 0 .09) or patients with pure volume
overload (0.38 ± 0.02) . but lower than that reported for
patients with pure pressure overload 10 .68 ± 0 .07). Ratio of
end-diastolic volume to left ventricular mass (0 .48 '- 0 .11
versus 0.47 ± 0
.14 mllg) did not change significantly after
transplantation, and was much lower than that previously
reported (19) for normal adults (0 .80 t 0.15). When patients
reevaluated s6 months or >6 months after surgery were
compared, both groups had similar decreases in heart rate,
left ventricular end-diastolic volume, stroke volume, cardiac
output, cardiac index, ratio of average diastolic wall thick-
ness to endocardial radius and ratio of left ventricular
end-diastolic volume to mass (Table 2) .
Correlation with left ventricular mass index . Pretrans-
plant left ventricular mass index correlated moderately well
with left ventricular end-diastolic volume Ir = 0.70), stroke
volume (r = 0.63) and cardiac index (r = 0 .40) . but not with
years of hypertension or hemodialysis. Neither pre- nor
post-transplant left ventricular mass index correlated with
mean systolic or diastolic blood pressure . Also the unmoral
of regression of left ventricular mass index in each patient
could not be predicted by the grmnrirv of change in blood
pressure, hemalocrit, left ventricular end-diastolic volume,
stroke volume, cardiac output or cardiac index. However,
the 24 patients with post-transplantation decreases in cardiac
output of >1 .0 literlmin showed more regression in left
HIMELMAN Et AL. .
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ventricular mass than the 17 patients with a lesser decrease
in cardiac output (91 ± 74 versus 42 '- 51 g . p < 0 .05)
.
For all basic echocardiographic measurements, mean
iratratrur cr variability was 11% . ranging from 5% for endo-
cardial radius to 17% for stroke volume . Mean intertrrcer
variability was 17%, ranging from 11% for endocardial radius
to 25% for stroke volume .
Diastolic function (Table 3). At the time of transplanta-
tion . 28 patients had technically satisfactory M-mode evalu-
ations and Doppler studies: at follow-up, these numbers
were 38 and 35 . respectively . Of the 28 patients with both
prrioperative and follow-up M-mode and Doppler echocar.
diograms, 19(67%) satisfied criteria for abnormal diastolic
performance
. At follow-up, two patients lost and three
gained criteria for abnormal diastolic function : others did not
change . Mean left atria) emptying index, posterior left ven-
tricular diastolic wall motion, and ratio of peak A wave to E
wave mitral valve inflow were abnormal preoperatively and
did not change after renal transplantation. Patients with
abnormal diastolic function did not differ in age from those
with normal function (40 '_ 12 versus 42 ± 14 years .
respectively . p = NS).
Pulmonary edema (Table 4). This developed periupceati-
vely in 13 of 19 patients with altered preoperative diastolic
function, compared with only I of the 9 with normal function
Table 4. Relation of Left Ventricular Diastolic Function and
Perioperative Pulmonary Edema in 28 Patients With Complete
Preoperative Evaluation
- p < 9.05 versus patients without perinperativc pulmonary edema . lip=
blood pressure : Pinup - preoperative: pis -- patents : Palm edema =
camiosen ie putreanm y edema : other abbreaiauen . a ., in Table
I .
Preop Ulashrlie
Funclinn
Preopsop
On.
Hs)
up
Medications
INo .IAbnormal Namwl
Pulm edema (PW D' 1 Ind .
_ 2n•
0.4 x 0 .1 ,
No palm edema Ipu)
6
8
149' 16 1.4 - 1 .3
7r Palm edema
6nz IISf.
such as left ventricular mass, cardiac output
. ratio of left
ventricular end-diastolic volume to mass or ratio of average
diastolic wall thickness to endocardial radius . were not
predictive of pulmonary edema, The 14 patients who devel-
oped pulmonary edema also had a significantly higher mean
preope ative systolic blood pressure and, as a group, were
taking fewer antihypettensive medications per patient than
were the other patients . Of the nine patients with diabetes
evaluated for diastolic function . seven showed abnormalities
and six of these developed perioperative pulmonary edema .
Discussion
Over the past 30 years, clinical renal transplantation has
developed into a safe and effective mode of therapy for
end-stage renal disease, with >95% I year patient survival
(1-5) ; it is now considered the therapy of choice for patients
<55 years and with end-stage renal failure 11) . Although
hemodialysis and renal transplantation have never been
formally compared in a prospective, randomized trial, re-
ported cardiovascular mortality is lower for transplant pa-
tients than for patients on long-term hemodialysis (6,7).
Because left ventricular hypertrophy has been found to be a
risk factor for myocardial infarction, ventricular arrhyth-
mias, sudden cardiac death and nonsudden cardiac death
112-151
. amelioration of left ventricular hypertrophy after
renal transplantation may contribute to improved cardiovas-
cular survival.
Cardiovascular effects of renal transplantation . In this
study, noninvasive cardiovascular evaluations on 41 patients
at the lime of successful renal transplantation and at fol-
low-up were performed
. This patient study group comprised
5, 1% of all those undergoing transplantation at our institu-
tion over a 5 .4 year period . Despite a selection bias, demo-
graphic and clinical variables in the study patients were
representative of the overall adult transplant population
(Table I' .
Before renal transplantation
. most patients were anemic
and hypertensive and had left ventricular hyperlrophy and
abnormal diastolic function. During follow-up . mean hema-
tocrit increased from 26 to 39%
. the systemic arteriovenous
hemodialysis fistula ceased to function in 13 patients and
mean systolic blood pressure decreased by nearly 20 mm Hg
despite the pressor effects of glucocorticoids and cyclo-
sporine
(31) . Mean left ventricular mass and mass index by
echocardiography decreased 23 and 27%
. respectively, to
levels slightly above the normal range
. Left ventricular
end-diastolic volume . stroke volume, heart rate and cardiac
index decreased as well (Fig . 2) . The regressions in left
ventricular mass index . end-diastolic volume and cardiac
index appeared to occur early after transplantation because
patients reevaluated s6 months after surgery had changes
equivalent to those reevaluated >6 months after surgery
.
T 04 525 -
LVMI
	
CI
"V
(gm/m2)
(,/min/.2)
(rai
Figure 2,
After renal transplantation in
41 patients there were
significant decreases in left ventricular mass index (LVMI) • cardiac
index (CI) and end-diastolic volume
IEDV), as measured by echo-
cardiography . Shaded bars = before transplantation; open bars =
alter transplantation (*p < 0 .05) .
Correlatlons among eehoeardiographic data . In a given
patient . the extent to which left ventricular mass regressed
could not be predicted by the increase in hematocrit or the
decrease in blood pressure . A longer period of preoperative
observation might have improved these correlations because
donor-specific transfusions and adjustments in antihypertcn-
sive medications were common in the weeks before surgery .
Peripheral vascular resistance, which was not measured in
this study . might have correlated more closely with left
ventricular mass . Regression
of left ventricular hypertrophy
was compensated and proportionate, with preservation of
the ratio of left ventricular end-diastolic volume to mass .
Low values for this ratio both before and after surgery are
more consistent with concentric rather than with eccentric
hypertrophy (19) .
However, ratios of average diastolic wall
thickness to endocardial radius are between those reported
for pure pressure and pure volume overload, suggesting the
combined influences of hypertension . anemia and the hemo-
dialysis fistula.
Preoperative left ventricular mass index correlated with
left ventricular voltmtes and cardiac index. The patients with
the greatest decreases in cardiac index showed the greatest
decreases in left ventricular mass index . Therefore, we
hypothesize that a pretransplant high output state contrib-
utes to the development of left ventricular hypertrophy .
Regression of left ventricular hypertrophy after transplanta-
tion reflects a rapid resolution of this high cardiac output,
which in turn depends on multiple factors (for example,
increase in hematocrit, changes in blood pressure and pe-
ripheral vascular resistance and change in fistula function) .
Previous reports
. The work of previous investigators is
consonant with our findings . Transfusion of red cells in
anemic uremic patients has been shown to lower cardiac
index (32) . Transient occlusion or surgical closure of the
systemic arteriovenous fistula also leads to a significant
decrease in cardiac index (33) . Casual blood pressures,
which were measured in this study, have been reported to
correlate only weakly with ECG voltage or echocardio-
graphic left ventricular mass (34)
.
However, this relation
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(p < 0.05) . Other preoperative echocardiographic variables .
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improves substantially when
ambulatory
blood pressures are
measured over 24 h with a portable automated device (35).
These observations may explain the poor correlation be-
tween changes in blood pressure and regression of left
ventricular mass in our study
.
Many previous echocardiographic studies have demon-
strated regression of left ventricular hypertrophy . Similar to
the time course of regression of left ventricular mass in this
study, a reduction in left ventricular mass has been reported
within weeks to months after initiation of medical treatment
of hypertension (36,37). Regression has also been described
afterresection of pheochromocytoma (38), therapy of hyper-
thyroidism (39), weight loss (40), deconditioning in highly
trained athletes (41), and aortic valve replacement for aortic
valve disease
(42) . A previous M-mode echocardiographic
study (43) from Mexico found that regression of left ventric-
ular mass and normalization of cardiac output occurred after
renal transplantation in 18 young nandiabetic patients with
normal left ventricular function .
Venricular diastolic function . In this study, mean ejec-
tion fraction was normal both preoperatively and at fol-
low-up, indicating intact systolic performance . However,
perioperative indexes of diastolic function were abnormal,
and failed to improve even in the patients with the largest
decreases in left ventricular mass. This lack of improvement
in diastolic function could not be attributed to changes in
medications because similar numbers of patients were
treated with a beta-adrenergic blocker and a calcium channel
blocker before and after renal transplantation . Although
decreases in loading conditions, ventricular volumes and
heart rate (all of which occurred in these patients after renal
transplantation) are known to decrease the mitral valve A
wave to E wave ratio (44,45). this ratio remained constant
despite these factors .
A more likely explanation for the lack of improvement in
diastolic indexes after renal transplantation
was a patho-
logic alteration in myocardial anatomy, such as myocardial
calcification or fibrosis. In this regard, experiments on
myocardial calcification in uremic animal models (46,47)
have shown that accumulations of interstitial calcium do not
readily decrease after normalization of renal function
. Other
workers (48,49) demonstrated that the hypertrophied hearts
show significant increases in connective tissue, that may
alter resting diastolic compliance . Also, in heart transplant
patients receiving cyclosporin, a fine diffuse form of inter-
stitial myocardial fibrosis called "cyclosporin effect" that is
independent of rejection episodes has been do scribed (50) .
Because this pathologic change develops within months of
the initiation of cyclosporin therapy, it may have contributed
to persistence of abnormal diastolic indexes in our renal
transplant patients.
In support of the concept that the persistence of abnormal
diastolic indexes after renal transplantation reflects subepti-
mal diastolic performance, the patients with abnormal pre-
HtMELMAN ET AL.
	
92 1
HEART Area RENAL TRANSPLANTATION
operative diastolic indexes (68% of those evaluated) toler-
ated intravenous fluids poorly, with a high incidence of
peioperative pulmonary edema . Many of these patients had
poorly controlled hypertension or diabetes mellitus, condi-
tions known to be associated with abnormal diastolic func-
tion. Routine preoperative echocardiography might br useful
in such patients to define those who would benefit from
limitation of intravenous fluids or peooperative hemody-
namic monitoring .
Electrocardiography . Despite clear regression in left ven-
tricular mass by echocardiography, ECG voltage and Rom-
hilt-Estes score did not convey this change, confirming
earlier reports (51,52) of inferior sensitivity in the diagnosis
of left ventricular hypertrophy . Preoperatively, left ventric-
ular hypertrophy was present in 93% of patients by virtue of
left ventricular mass exceeding 100 gfm2, but in only 37% by
ECG criteria; postoperatively it was present in 47 and 29%,
respectively .
Methodologic variability . Intertracer and intratracer vari-
abilities in this study were similar to values in previous
echocardiographic reports in this and other laboratories
(53 .54), and compare favorably with those of other cardiac
imaging methods (55-57) . Because the 95% confidence limits
for quantitative two-dimensional planimetry of left ventric-
ular end-diastolic volume and mass in this laboratory are I I
and 12%, respectively (53), the decreases in these variables
after renal transplantation exceed methodologic variability .
The two-dimensional planimetric techniques are routinely
used for clinical studies in this laboratory and have been
applied to normal populations of sedentary and athletic
adults (19,26,27) . The biplane Simpson's rule algorithm for
left ventricular volumes has been shown to be superior to
M-mode, single plane area-length, and biplane area-length
methods by correlation with angiography (20) .
The truncated
ellipsoid formula for left ventricular mass has been validated
in litter-matched dogs after aortic banding (18) .
Conclusions. Regression of left ventricular hypertrophy
occurs after renal transplantation. Because left ventricular
hypertrophy is a significant risk factor for cardiac morbidity
and mortality, its amelioration may help explain the im .
proved cardiac survival of patients with renal transplant over
that of patients on long-term dialysis. Regression in mass
probably reflects the rapid resolution of a preoperative high
output state that in turn depends on changes in hematocrit
and fistula patency . Although mean systolic blood pressure
for the group decreased by almost 20 mm Hg after surgery,
in the individual patient the degree of blood pressure control
was not clearly related to the amount of regression of
hypertrophy
. However, many patients with poorly con-
trolled hypertension or diabetes have abnormal diastolic
function and are at risk for perioperative pulmonary edema .
Despite significant decreases in left ventricular mass, vol-
ume, systolic blood pressure and heart rate after surgery
.
diastolic function does not improve
. In patients undergoing
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renal transplantation, echocardiography may be useful for
evaluating systolic left ventricular function after changes in
cardiac morphology and in defining patients with abnormal
diastolic function Who might benefit from limitations on
intravenous fluids or perioperalive hemodynamic monitor-
ing .
We are indebted to Robert Hosing for invaluable computer assistance and to
Keno Chauedee, MD and Robert Wachter. MD for critical readings of the
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